We present a novel approach for exploring the functional relationship between very low frequency EEG oscillations (VLFO, <0.5 Hz) recorded at rest and those following the transition to goal-directed tasks of different difficulty levels.
h i g h l i g h t s
We present a novel approach for exploring the functional relationship between very low frequency EEG oscillations (VLFO, <0.5 Hz) recorded at rest and those following the transition to goal-directed tasks of different difficulty levels.
We show that VLFOs are sensitive to variations in cognitive load, and are attenuated but not extinguished following a rest-to-task transition. We present a new signal processing methodology for quantifying changes in band-limited EEG activity, which can be used to investigate altered functioning of brain oscillators in psychiatric and neurobehavioural disorders.
a b s t r a c t
Objective: This study has been specifically designed to investigate very low frequency neuronal oscillations (VLFO, <0.5 Hz) during resting states and during goal-directed tasks of graded difficulty levels, quantify the changes that the slow waves undergo in these conditions and compare them with those for higher frequency bands (namely delta, theta and alpha). Methods: To this end we developed a multistage signal processing methodology comprising blind source separation coupled with a neural network based feature extraction and classification method. Results: Changes in the amplitude and phase of brain sources estimates in the VLF band between rest and task were enhanced with increased task difficulty, but remained lower than those experienced in higher frequency bands. The slow wave variations were also significantly correlated with task performance measures, and hence with the level of task-directed attention. Conclusions: These findings suggest that besides their prominent sensitivity to external stimulation, VLFOs also contribute to the cortical ongoing background activity which may not be specifically related to task-specific attention and performance. Significance: Our work provides important insight into the association between VLF brain activity and conventional EEG frequency bands, and presents a novel framework for assessing neural activity during various mental conditions and psychiatric states. Ó 2012 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.
Introduction
The brain is believed to be a highly-distributed, self-organising system with different modules linked dynamically by synchronous oscillations (Varela et al., 2001; Buzsáki and Draguhn, 2004; Penttonen and Buzsáki, 2003) . Transient assemblies comprising many neurons act in parallel in order to produce coherent perceptions, evaluations and behaviour depending on the task to resolve. These assemblies have a dynamic topography emerging as structures oscillating at multiple frequencies (delta 0.5-4 Hz; theta 4-8 Hz; alpha 8-12 Hz; beta 13-20 Hz and gamma 25-100 Hz), each associated with different aspects of cognition and brain states (Bear et al., 2001 
